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(54) Surface-mount coil and method for manufacturing same 



(57) A surface mountable coil is provided with a 
drunn-shaped core including a body portion and raised 
portion each raised portion having a peripheral surface 
and an end surface, a winding wire wound around the 
body portion, an encapsulating member, base elec- 
trodes, and terminal electrodes. The encapsulating 



member exposes some portions of the base electrodes 
on the peripheral surfaces and substantially the whole 
base electrodes on the end surfaces. By exposing the 
portions of the base electrodes on the peripheral surfac- 
es and whole base electrodes on the end surfaces, the 
contact strength between the base electrodes and the 
terminal electrodes can be substantially increased. 
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Description 

[0001] The present invention relates to a surface- 
mount (or surface mountable) coil; and, more particular- 
ly, to an electrode structure thereof and a method of 
making same. 

[0002] Nowadays, miniaturized chip type electronic 
components are extensively employed in high density 
surface mounting on a printed circuit board by using a 
chip mounter. Referring to Figs. 10 and 11, there are 
illustrated a partial cut-away view and a cross sectional 
view of a conventional winding type surface mountable 
chip coin 0 having a wiring wound around a core there- 
of. The coll 10 typically includes a drum-shaped core 4 
having a body portion 1 and raised portions 2, 3 inte- 
grally formed at two opposite ends of the body portion 
1 ; a winding wire 6 wound around the body portion 1 ; 
base electrodes 6-1 , 6-2 disposed on two end surfaces 
2b, 3b and also on parts of peripheral surfaces 2a, 3a 
of the raised portions 2, 3, two ends (not shown) of the 
winding wire 5 being connected to the base electrodes 
6-1 , 6-2; an encapsulating riiember 7 covering the whole 
structure excepting parts of the base electrodes 6-1 , 6-2 
at the central regions of the end surfaces 2b, 3b of the 
raised portions 2, 3; and terminal electrodes 8-1, 8-2 
covering exposed base electrodes 6-la, 6-2a up to por- 
tions of the encapsulating member 7 on the peripheral 
surfaces 2a and 3a. 

[0003] In the surface mountable coil 10 illustrated 
above, the drum-shaped core 4, to which the base elec- 
trodes 6-1, 6-2 can be directly attached, is made of a 
magnetic material, e.g.. nickel-zinc based ferrite of a 
high resistivity, or an insulating material, e.g., alumina. 
The base electrodes 6-1, 6-2 are conductive layers, 
each including therein Ag, Ag-Pt or Cu film formed by 
dip-baking or plating, and a conductive material, e.g., 
Ni/Sn or Sn alloy formed thereon. The winding wire 5 is 
a conductive wire coated with an insulating film, e.g., 
polyurethane, polyamideimide, and the like, with a di- 
ameter of 0.03-0. 15mm and the respective end por- 
tions thereof are connected to the base electrodes 6-1 , 
6-2 on the peripheral surfaces 2a, 3a of the raised por- 
tions 2, 3 by means of welding, thermocompression 
bonding, ultrasonic vibration, or a combination thereof. 
The encapsulating member 7 is fomied by injection 
molding of an epoxy based synthetic resin. 
[0004] After forming the encapsulating number 7, the 
tenninal electrodes 8-1 , 8-2 are formed on the regions 
corresponding to the end surfaces 2b; 3b and the pe- 
ripheral surfaces 2a, 3a of the raised portions 2, 3, re- 
spectively, and the finished structure is shaped to pro- 
vide the thin miniaturized surface mountable coil 10. 
[0005] In the conventional surface mountable coil de- 
scribed above, only small portions 6-la, 6-2a of the base 
electrodes 6-1, 6-2 on the central parts of the end sur- 55 
faces 2b, 3b of the core 4 are exposed through the en- 
capsulating member 7. Therefore, the contact areas be- 
tween the base internal electrodes 6-1 , 6-2 and the ter- 



minal electrodes 8-1 , 8-2 are limited to be the small por- 
tions of the base electrodes 6-1, 6-2 exposed through 
the encapsulating member 7, resulting in a structurally 
insufficient adhesion strength between the base and the 

5 terminal electrodes. 

[0006] As a result, in case where the surface mount- 
able coil 10 is soldered on a printed circuit board and 
subjected to thermal variation, e.g., by a thermal cycle 
test (TCT test), the terminal electrodes 8-1 , 8-2 may be 

^0 delaminated from contact portions of the base elec- 
trodes 6-1, 6-2, i.e., the exposed base electrodes 6-la, 
6-2a, due to thermally induced tensile stresses on the 
terminal electrodes 8-1, 8-2. 

[0007] The present inventors have conducted a series 
5 of experiments and found that the mechanical contact 
strength between the base electrodes 6-1, 6-2 and the 
terminal electrodes 8-1, 8-2 can be substantially in- 
creased when the terminal electrodes 8-1, 8-2 are in 
contact with at least on portions of the peripheral sur- 
0 faces 2a, 3a as well as the base electrodes 6-1 , 6-2 on 
the end surfaces 2b, 3b. 

[0008] One may be tempted to remove parts of the 
encapsulating member 7 off the peripheral surfaces 2a, 
3a after molding in order to expose the base electrodes 
5 6-1, 6-2 underneath, but the encapsulating member 7 
circumferentially f onned thereon is too rigid to bo readily 
removed. 

[0009] Another way to expose the base electrodes 
6-1 , 6-2 on the peripheral surfaces 2a, 3a may be to re- 
^ move a gap clearance between the inner surface of the 
mold and the base electrodes 6-1 . 6-2 disposed on the 
peripheral surfaces 2a, 3a to prevent the synthetic resin 
from being injected through the gap during the molding 
process to reach the end surfaces 2b, 3b of the raised 
portion 2, 3. Since the gap serves as art escape path of 
the injected resin during the molding process, the core 
4 and/or the wire 5 can be subjected to a high pressure 
induced by the absence of the escape path. The escape 
path is necessary for the synthetic resin to uniformly flow 
into and fill in the mold cavity, and consequently, burrs 
(surplus encapsulating member 7 on the peripheral sur- 
faces 2a. 3a) would be unavoidably formed. 
[0010] It is, therefore, an object of the present inven- 
tion to provide a surface mountable coil having a reliable 
electrode structure, and method for the manufacture 
thereof. 

[0011] In accordance with a preferred embodiment of 
the present invention, there is provided a surface mount- 
able coil comprising: 

a core including a body portion and two raised por- 
tions disposed at two opposite ends of the body por- 
tion, each of the raised portions having an end sur- 
face and a peripheral surface; 
a winding wire wound around the body portion; 
a pair of base electrodes, each of the base elec- 
trodes being disposed on the peripheral surface 
and the end surface of the raised portions, and two 
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ends of the winding wire being connected to the 
base electrodes respectively; 
an encapsulating member extending from a portion 
of one base electrode to a portion of the other base 
electrode to thereby cover the region therebetween 
while exposing a part of the base electrode on each 
peripheral surface and substantially the entire base 
electrode on each end surface; and 
-a pair of terminal electrodes respectively covering 
'the exposed internal electrodes and the end por- 
tions of the encapsulating member on the peripher- 
al surfaces of the raised portions, 
wherein the end portions of the encapsulating mem- 
ber on the peripheral surfaces have peak portions 
extending toward the end surfaces of the raised por- 
tions and valley portions retracting away from the 
end surfaces. 

[0012] The above and other objects and features of 
the present invention will become apparent from the fol- 
lowing description of preferred embodiments given In 
conjunction with the accompanying drawings, in which: 

Fig. 1 shows a cross-sectional view of a surface 
mountable coll in accordance with a preferred em- 
'ibodiment of the invention; 

:-Fig. 2 provides a perspective view of the surface 
.*mountable coil prior to the formation of terminal 
{.electrodes, illustrating an overlay configuration of 
an encapsulating member on base electrodes at the 
peripheral surfaces of the raised portions of a core; 
Fig. 3 describes a perspective view of a dmm- 
shaped core in accordance with a first preferred env 
bodiment of the invention; 

Figs. 4A to AC illustrate various exemplary struc- 
tures of a raised portion of a drum-shaped core In 
accordance with a second prefen-ed embodiment of 

the invention; 

Fig. 5 offers a perspective view depicting a shape 
of a raised portion of a drum-shaped core In accord- 
ance with a third preferred embodiment of the in- 
vention; 

Fig. 6 presents a perspective view of a base elec- 
trode In accordance with a preferred embodiment 
of the present invention; 

Fig. 7 portrays a perspective view of a base elec- 
trode in accordance with another preferred embod- 
iment of the invention; 

Fig. 8 represents a cross-sectional view of a surface 
mountable coil in accordance with another pre- 
ferred embodiment of the invention; 
Fig. 9 displays a cross-sectional view of a surface 
mountable coil during an injection molding process 
in accordance with the present invention; 
Fig. 10 exemplifies a cut-away view of a conven- 
tional surface mountable coil; and 
Fig. 11 exhibits a cross-sectional view of a conven- 
tional surface mountable coll. 



[0013] The preferred embodiments of a surface 
mountable coil in accordance with the present invention 
wilt now be described with reference to Figs 1 to 9. Like 
reference numerals and characters will be used to des- 

5 ignate like parts of the conventional coll 1 0 and the pre- 
ferred embodiments of the invention. 
- [0014] Referring to Figs. 1 and 2, a surface mountable 
coil 30 includes a drum-shaped core. 4 having a body 
portion 1 and raised portions 2, 3 integrally formed at 

10 two opposite ends of the body portion 1 ; a winding wire 
5 wound around the body portion 1 ; base electrodes 6-1 , 
6-2 disposed on end surfaces 2b, 3b and peripheral sur- 
faces 2a, 3a of the raised portions 2, 3, the respective 
end portions (not shown) of the wire 5 being connected 

15 to the base electrodes 6-1 , 6-2; an encapsulating mem- 
ber 17 extending from a portion of the base electrode 
6-1 on the peripheral surface 2a to a portion of the base 
electrode 6-2 on the peripheral surface 3a; and terminal 
electrodes 1 8-1 , 18-2 covering exposed portions of the 

20 base electrodes 6-1 , 6-2 and end portions of the encap- 
sulating member 17 on the peripheral surfaces 2a, 3a. 
In accordance with the present Invention, the edges of 
the encapsulating member 1 7 have peak (P) and valley 
(V) portions alternatively disposed along the peripheral 

25 surfaces 2a, 3a of the raised portions 2, 3, said P and 
V portions extending towards and retracting away from 
the end surfaces 2b and 3b, respectively. 
[0015] In other words, portions of the base electrodes 
6-1 , 6-2 on the peripheral surfaces 2a, 3a are not cov- 

30 ered with the encapsulating member 1 7. Leading edges 
of the progression part P portions may remain on the 
peripheral surfaces 2a, 3a or may reach the end surfac- 
es 2b, 3b. 

[0016] Since at least some portions of the base elec- 

35 trodes 6-1 , 6-2 on the peripheral surfaces 2a, 3a are ex- 
posed without being covered by the encapsulating 
member 1 7 as described above, the terminal electrodes 
18-1,1 8-2 can encompass virtually the entire base elec- 
trodes 6-1 , 6-2 on the end surfaces 2b, 3b and the ex- 

40 posed portions thereof on the peripheral surfaces 2a, 
3a. As a result, the mechanical adhesive contact 
strength between the base electrodes 6-1 , 6-2 and the 
terminal electrodes 18-1, 18-2 of the present invention 
Is substantially increased compared with that of a con- 

45 ventlonal surface mountable coil 10 shown in Figs. 10 
and 1 1 having the contact areas only at the central parts 
of the end surfaces; and thus the delaminatlon of the 
terminal electrodes 1 8-1 , 1 8-2 from the base electrodes 
16-1 , 1 6-2 can be effectively prevented and the reliabil- 

50 ity can be Increased. 

[0017] The wavy profile of the encapsulating member 
17 on the peripheral surfaces 2a, 3a shown in Fig. 2 can 
be obtained by using, e.g., a drum-shaped core 1 2 hav- 
• ing plateaus (PL) and recesses (R) alternately formed 

55 on the peripheral surfaces of the raised portions 2, 3 of 
the core 12 as illustrated in Fig. 3, the recesses running 
parallel to the axial direction of the body portion 1 of the 
core. That is, when molding an encapsulating material, 
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which forms the encapsulating member 17, after form- 
ing the base electrodes 6-1. 6-2 on the drum-shaped 
core 1 2 as in Fig. 1 , the gaps between the mold and the 
recesses serve as escape paths for the encapsulating 
material. Therefore, the encapsulating material would s 
penetrate more along the recesses and less along the 
plateaus towards the end surfaces of the raised portions 
2, 3. resulting in the wavy profile of the encapsulating 
member 17 exposing portions of the base electrodes 
6-1 , 6-2 on the peripheral surfaces 2a, 3a of the raised w 
portions 2, 3 as shown in Fig. 2. Some of the encapsu- 
lating material penetrating along the recesses may 
reach the end surfaces of the raised portions 2. 3 and 
become bun-s after being solidified. Such burrs are rel- 
atively easy to remove because they are not linked to- is 
gether. The burrs may not be removed before forming 
the tenninal electrodes 18-1, 18-2. 
[001 8] The raised portions 2, 3 are preferably of a po- 
lygonal shape and more preferably of a rectangular 
shape when viewed along the axial direction of the body 20 
portion 1 . In such a case, the escape paths for the en- 
capsulating material can be secured by providing at the 
comers of the peripheral surfaces 2a, 3a of the raised 
portions 2, 3 of the drum-shaped core 4 shown in Fig 
1 , cutaway portions 21, Z2, 23 extending along the axial 25 
direction of the core 4 as shown in Figs. 4A to 4C. The 
cutaway portions Zl of a drum-shaped core 13 in Fig. 4A 
are of a rectangular shape; a drum-shaped core 1 4 with 
the cutaway portions 22 in Fig. 4B has slanted corners, 
and a core 15 with the cutaway portions 23 in Fig. 4C 30 
has removed corners when viewed along the axial di- 
rection of the body portion of each core. Providing es- 
cape paths at the corners of a core is advantageous In 
that it is relatively easy to form the cutaway portions 21 , 
22, 23 at the corners and that such cutaway portions 35 
can be made large enough to serve as the escape paths 
effectively. It is important to make a sufficiently narrow 
clearance between the mold and the peripheral surfaces 
of the raised portions 2, 3 of the drum-shaped cores 4, 
12, 13, 14, 15 described above, on which the base elec- 40 
trodes 6-1 , 6-2 are disposed, to prevent the encapsulat- 
ing material from covering the entire peripheral surfaces 
of the raised portions 2, 3. 

[0019] Refen-ing to Fig. 5, there is illustrated another 
exemplary drum-shaped core 21 having recesses (Y) 45 
and plateaus (X) both on the end surfaces and on the 
peripheral surfaces of the raised portions 2, 3 thereof 
The recesses may all be linked together as shown in 
Fig. 5. When molding, the encapsulating material pen- 
etrates through the recesses, which serve as the escape so 
paths, towards the end surfaces. By controlling the 
clearance between the mold and the peripheral surfaces 
to be small enough such that the encapsulating material 
does not cover the end surfaces and the plateaus of the 
peripheral surfaces, it is possible to secure the exposed 55 
base electrodes (i.e. uncovered by the encapsulating 
material) oh the end surfaces and portions of the periph- 
eral surfaces. 



[0020] The base electrodes need not have any spe- 
cific structure. The base electrodes can be of a structure 
having planar surfaces as shown in Figs. 1 and 2 It is 
preferable, however, to make the base electrodes to 
have an uneven surface structure with recesses and 
protrusions. For Instance, by providing mesh-shaped 
base electrodes 26 as shown in Fig. 6 or perforated base 
electrodes 27 having a plurality of openings as shown 
in Fig. 7 and then forming the terminal electrodes ther- 
eon, the contact between the base and the terminal 
electrodes can be made on surfaces of various direc- 
tions and thus the mechanical contact strength can be 
substantially increased compared with the case when 
the planar base electrodes are used. 
[0021] By combining the scheme to obtain exposed 
base electrodes on the peripheral surfaces of the drum- 
shaped core as described with reference to Figs. 1 to 5 
and the base electrodes of an uneven surface as in Figs. 
6 and 7, the reliability of the mechanical contact strength 
between the- base and the terminal electrodes can be 
further improved. 

[0022] Referring to Fig. 8, there is illustrated a surface 
mountable coll 40 in accordance with another embodi- 
ment of the invention. As shown in the drawing, this em- 
bodiment is identical to the one shown in Fig. 1 except- 
ing that there are provided stress buffer layers 29-1, 
29-2 between the internal electrodes 6-1, 6-2 and the 
end surfaces of the raised portions 2. 3. The stress buff- 
er layers 29-1 . 29-2 serve to reduce the tensile stress 
exerted on the external electrodes 18-1,1 8-2 during a 
TCT test. In other words, when the external electrodes 
18-1. 18-2 and the base electrodes 6-1. 6-2 are pulled 
outwardly by a tensile stress, only the stress buffer lay- 
ers 29-1, 29-2 are stretched. Therefore, it becomes 
more difficult for the external electrodes 18-1, 18-2 to 
be delaminated from the base electrodes 6-1, 6-2 and 
for the base electrodes 6-1 , 6-2 to be detached from the 
peripheral surfaces 2a, 3a and the end surfaces 2b, 3b. 
[0023] Silicone resin or rubber-modified epoxy resin 
can be used as the stress buffer layers 29-1 , 29-2 
[0024] The methods for increasing the contact 
strength of the terminal electrodes described above are 
achieved by modifying the surface mountable coil itself 
However, high contact strength can be also attained by 
disposing an elastic material 43 on parts of the inner 
surfaces of the mold pieces 41 , 42 facing some portions 
of the base electrodes on the peripheral surfaces 2a 3a 
of the raised portions 2, 3, and molding the encapsulat- 
ing material while maintaining the contact between the 
elastic material 43 and the base electrodes 6-1, 6-2 as 
illustrated in Fig. 9. By doing so. the encapsulating ma- 
terial fills in the void using the gaps between the mold 
pieces 41 , 42 and the raised portions 2, 3 as the escape 
paths but cannot penetrate beyond the region where the 
elastic material 43 is disposed, leaving the base elec- 
trodes 6-1, 6-2 in contact with the elastic material 43 
uncovered by the encapsulating material. 
[0025] A heat-resistant resin, e.g., a silicone resin or 
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a rubber-modified epoxy resin, can be used as the elas- 
tic material 43. 

[0026] The base electrodes 6-1 . 6-2 and the terminal 
electrodes 18-1 , 18-2 are formed of, e.g., a resin paste 
containing silver. The encapsulating nnember 17 is 
formed of, e.g., a synthetic resin such as an epoxy 
based resin, phenol resin and silicone resin, or such a 
resin containing therein powder of a magnetic material 
or an insulating materiaL 

[0027] While the invention has been shown and de- 
scribed with respectto the preferred embodiments, it will 
be understood by those skilled In the art that various 
changes and modifications may be made without de- 
parting from the scope of the invention as defined in the 
following claims. 

[0028] The features disclosed in the foregoing de- 
scription, in the claims and/or in the accompanying 
drawings may, both separately and in any combination 
thereof, be material for realising the Invention in diverse 
fomris thereof. 



Claims 

1 . A surface mountable coil comprising: 

a core including a body portion and two raised 
.portions disposed at two opposite ends of the 
body portion, each of the raised portions having 
an end surface and a peripheral surface; 
a winding wire wound around the body portion; 
a pair of base electrodes, each of the base elec- 
trodes being disposed on the peripheral sur- 
face and the end surface of one of the raised 
portions, and two ends of the winding wire be- 
ing connected to the base electrodes respec- 
tively; 

an encapsulating member extending from a 
portion of one base electrode to a portion of the 
other base electrode to thereby cover the re- 
gion therebetween while exposing a part of the 
base electrode on each peripheral surface and 
substantially the entire base electrode on each 
end surface; and 

a pair of temnlnal electrodes respectively cov- 
ering the exposed base electrodes and end 
portions of the encapsulating member on the 
peripheral surfaces of the raised portions, 
wherein the end portions of the encapsulating 
member on the peripheral surfaces have peak 
portions extending toward the end surfaces of 
the raised portions end valley portions retract- 
ing away from the end surfaces. 

2. The surface mountable coil of claim 1 , wherein the 
entire base electrodes on the end surfaces are ex- 
posed. 



3. The surface mountable coil of claim 1 , wherein the 
peripheral surfaces are provided with recesses. 

4. The surface mountablecoil of claim 1 , wherein each • 
5 of the peripheral surfaces has corner regions and 

Is provided with cutaway portions at the corner re- 
gions. 

5. The surface mountable coil of claim 1 , wherein the 
10 peripheral surfaces and the end surfaces are pro- 
vided with recesses and protrusions. 

6. The surface mountablecoil of claim 1 , wherein each 
of the base electrodes Is provided with an uneven 

15 surface, 

7. The surface mountable coil of claim 6, wherein each 
of the base electrodes Is a mesh-shaped electrode. 

20 8. The surface mountable coil of claim 6, wherein each 
^ of the base electrodes is a perforated electrode hav- 
ing a plurality of openings. 

9. The surface mountable coil of claim 1 , further com- 
25 prising a stress buffer layer disposed between each 
of the base electrodes and the end surface of each 
of the raised portions. 



10. 



30 



35 



40 



A method for manufacturing the surface mountable 
coil of claim 1 . comprising the steps of: 

preparing the core provided with the winding 
wire and the base electrodes; 
providing a mold having an elastic material on 
parts of an inner surface thereof, the elastic ma- 
terial facing portions of the base electrodes on 
the peripheral surfaces; 
molding the encapsulating member by using 
the mold while maintaining the contact between 
the elastic material and the portions of the base 
electrodes on the peripheral surfaces; and 
forming the temninal electrodes. 
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